Greater mammographic density is associated with increased breast cancer risk and reduced diagnostic mammographic sensitivity and may be seen with estrogen/progestin therapy (EPT). The effects of testosterone therapy on mammographic density in postmenopausal women not on EPT are not known.
M
ammographic breast density seems to reflect the net influence of hormonal and reproductive factors and its background genetics on the breast during a woman's life span (1) (2) (3) . Although a breast density increase implies breast epithelial cell proliferation, its major characteristic seems to be tissue remodeling and an increase of stromal proteoglycans (4, 5) . Greater mammographic density is associated with increased breast cancer risk (6) but also with reduced diagnostic sensitivity for breast cancer (7) . Numerous reports have shown that mammographic breast density is increased in a significant proportion of women using estrogen-progestin (EϩP) hormone therapy (6, 7) .
In vitro and in vivo studies suggest testosterone may serve as a natural endogenous protector of the breast and limit the mitogenic and cancer-promoting effects of estrogen on mammary epithelium (8 -12) . The effects of exogenous testosterone and breast cancer risk remain unclear. Whereas a retrospective study of women exposed to testosterone, primarily as methyltestosterone, reported an increase in breast cancer risk for current users (13), Jick et al. (14) reported no increase in breast cancer risk with the addition of methyltestosterone to either estrogen alone or EϩP therapy. Two studies involving a similar number of testosterone users to that studied by Tamimi et al. (13) reported no increase in breast cancer risk for current or past users of transdermal testosterone and testosterone pellets (15, 16) .
In a study examining the effects of the addition of transdermal testosterone to continuous combined oral EϩP therapy, mammographic density did not increase beyond those assigned to placebo after 6 months treatment (17) . The effects of exogenous testosterone on mammographic density in postmenopausal women not using concurrent systemic estrogen are not known.
The Aphrodite study was a 52-wk, randomized, doubleblind, placebo-controlled, parallel-group, multinational, multicenter trial designed to evaluate the efficacy and safety of two doses (150 or 300 g/d testosterone) of the transdermal testosterone patch (TTP) in naturally menopausal (NM) or surgically menopausal (SM) women with hypoactive sexual desire disorder who were not receiving systemic estrogen or EϩP therapy. The doses used approximate half or the full estimated production of testosterone per day in premenopausal women (18) . The results of the study have been reported elsewhere (19) . Here we report the results of the mammographic breast density analysis from the study.
Patients and Methods

Study design
Recruitment to the Aphrodite study has been described in detail (19) . Briefly, the key inclusion criteria were SM women between the ages of 20 and 70 yr and NM women between the ages of 40 and 70 yr in a stable relationship with partner present more than 50% of the time, SHBG higher than 12 nmol/liter, and in general good health. The relevant exclusion criteria were the use of systemic estrogen or EϩP in the preceding 3 months or any androgen use in the previous 3 months (7 months for testosterone implants), history of breast cancer or any estrogen-dependent neoplasia, diabetes, cardiovascular disease, or other serious medical conditions. Women had to have a clinically acceptable bilateral mammogram (if age 40 yr or older) within the preceding 12 months or have a bilateral mammogram undertaken as part of recruitment screening. Previous mammograms were not digitized. Only patients who had both wk Ϫ4 and wk 52/exit mammograms performed as part of the study were sent for digitization and provided data for this analysis.
Mammograms were performed at screening (wk Ϫ4) and again at wk 52 or study exit (if withdrawal was not before 24 wk) to assess eligibility and the effect of the TTP on breast density after 1 yr of treatment.
Data handling and digitization methods
All eligible paired mammograms were mailed directly from the sites to Synarc, Inc.(San Francisco, CA), along with computer image transmittal forms. Upon receipt of the mammograms, Synarc logged receipt of the images and digitized the images (12 bits per pixel with a pixel spacing of 50 m) with a Lumisys LS100 scanner (Lumisys, Eastman Kodak Co., Rochester, NY). The patient number, study visit, and body side were provided to identify the image.
Breast density endpoints and measurement methods
All mammograms were read by trained observers in a standard fashion. Mammograms for each patient were read in sets (baseline and after baseline), and the order of presentation was randomized. The observers were blinded to patient treatment assignment and study visit. The left craniocaudal view was selected for measurement. If paired evaluable images were not available for the left craniocaudal view, paired images for the right breast were measured.
Using the digital images, the total area of the breast appearing on the mammogram and the area of dense tissue were measured by the observers. The breast area measurements were checked to ensure that values were within scientifically valid ranges for the endpoints. If a value was not within the logical range, it was remeasured. A subsample of 5% of the mammogram images was randomly selected and reread to assess intra-reader reliability and showed an intraclass correlation coefficient of more than 0.92. The percentage of dense tissue was calculated as the number (in square millimeters) representing the dense breast area divided by the number (in square millimeters) representing the total breast area (ϫ 100%). Nondense area was additionally calculated as the total breast area minus the dense breast area.
Populations for analyses
Paired mammograms from 279 patients were available. Of these patients, nine had mammogram dates in the breast density dataset that were considerably different from the dates in the clinical database and were considered unevaluable. Of the remaining 270 patients with evaluable data, 20 did not complete 52 wk treatment. This resulted in a primary analysis population of 250 patients who completed 52 wk treatment and the secondary analysis population of 270 patients (Fig. 1) .
Hormone measurements
Serum levels of free and total testosterone and SHBG, bioavailable testosterone, total dihydrotestosterone, free and total estradiol, and estrone were measured by validated methods (Quest Diagnostics, Inc., San Juan Capistrano, CA) (19) .
Statistical methods
The primary endpoint was the change from wk Ϫ4 (baseline) to wk 52 in the percentage of dense tissue in the breast. An analysis of covariance was used to test for differences between each active dose and placebo in the change from baseline at wk 52 after adjusting for the baseline value, baseline body mass index (BMI), age, and menopausal type (SM or NM). Model assumptions (normality and constant variance) were assessed qualitatively by visual inspection of the residuals. If normality assumptions were severely violated, Koch's nonparametric analysis of covariance was additionally performed. All hypothesis tests were two sided.
Analyses of the secondary endpoints (change from baseline in dense area and nondense area) and analyses using all evaluable patients regardless of their study completion status were conducted using methods similar to that described for the primary endpoint. Additional exploratory analyses of the primary endpoint using the primary analysis population were conducted by menopausal type (SM or NM) using similar methods. Spearman correlations were calculated for the baseline value, wk-52 value, and the change from baseline to wk 52 in percent dense area with baseline, wk 52, and change from baseline in weight and BMI, respectively. A similar analysis was done correlating percent dense with hormone levels.
Results
The participants in this primary analysis population had a mean age of 54.6 yr (range 40 -69 yr) with baseline BMI of 27.5 kg /m 2 , and 78% were NM (Table 1) . Over 60% of the participants had used menopausal hormone therapy at any time before randomization. No significant differences in baseline characteristics between treatment groups were noted. The clinical characteristics of these women did not differ from women in the Aphrodite Study not included in this study (19) . Baseline mammographic percent density (mean Ϯ SD) was 28.02 Ϯ 15.8, 27.26 Ϯ 16.7, and 27.91 Ϯ 14.4% for the placebo, TTP 150 g/d, and TTP 300 g/d groups, respectively. Baseline weight and BMI were each inversely significantly correlated with the percent dense mammographic area (Spearman correlation coefficients Ϫ0.44 and Ϫ0.46, respectively; P Ͻ 0.001) such that overweight women had lower baseline percent density.
The mean changes in percent mammographic density over 52 wk were small (placebo, 0.05 Ϯ 0.16%; TTP 150 g/d group, 0.06 Ϯ 0.19%; and TTP 300 g/d group, 0.21 Ϯ 0.17%). The changes in each treatment arm were not statistically significantly different from placebo for percent breast density as well as for dense and nondense area (Fig. 2) . For each menopausal type (surgical or natural), no statistically significant changes were seen comparing placebo vs. either treatment for percent mammographic density over 52 wk. There were no significant relationships between the change in BMI and change in percent dense area, but we observed a small but statistically significant negative relationship between change in weight and change in percent dense area (Spearman correlation coefficient Ϫ0.13, P Ͻ 0.05) ( Table 2) .
Serum free testosterone, free estradiol, and estrone were inversely associated with percent dense mammographic area at baseline and wk 52 and total estradiol only at baseline. SHBG was positively associated with percent dense mammographic area at baseline and at wk 52 (Table 3) . After adjustment for BMI, there were no significant relationships between any of the hormone levels and percent dense area at baseline, wk 52, or wk 52 change from baseline.
Discussion
Treatment with testosterone at a dose of either 150 or 300 g/d over 52 wk had no significant effect on digitally quantified absolute or percent dense mammographic area compared with placebo in postmenopausal women not using concurrent estrogen. Furthermore, there were no statistically significant relationships between circulating androgen or estrogen levels and mammographic density after adjusting for BMI over the course of the study.
Mammographic density has been established as a strong and independent risk factor for breast cancer (4, 6) . The relationships between endogenous testosterone and breast cancer risk remain unclear (11) . Although in one recent study circulating levels of testosterone were associated with breast cancer risk, before and after adjustment for mammographic density (20) , the NSABP Cancer Prevention Trial (P-1) did not find an association between baseline testosterone levels and the relative risk of developing breast cancer in postmenopausal women (21) . Oral EϩP therapy is associated with increased breast cancer risk (22) . Furthermore, postmenopausal EϩP therapy is associated with an increase in mammographic density on the order of 7% compared with placebo after 1 yr treatment (16) . Whether this directly reflects the pathogenesis of the associated increase in breast cancer risk remains unknown. However, tibolone, a synthetic compound with slight androgenic properties, does not increase mammographic density and seems not to increase the risk of breast cancer (23) (24) (25) (26) (27) . Also, therapeutic interventions that prevent breast cancer will reduce mammographic density (27, 28) .
From a clinical perspective, increased breast cell proliferation and increased mammographic density during hormonal treatment should be regarded as basically unwanted and potentially hazardous events. Breast symptoms of soreness and pain are well known to occur in some women during EϩP therapy. These symptoms are associated with a change in mammographic density (5, 29) . The lack of increase of mammographic density with testosterone therapy in this study is, however, not evidence that testosterone does not alter breast cancer risk. The diagnostic sensitivity of mammography for breast cancer is probably unchanged because radiographic density is not altered by the use of testosterone.
At baseline, the mean percent dense mammographic area was considerably higher than that reported for postmenopausal hormone studies (22) , reflecting the relatively young age of the participants and the high prevalence of previous hormone therapy use. Our findings regarding the lack of any relationships between estradiol and testosterone levels and mammographic density after adjustment for BMI are consistent with previous reports that mammographic density appears to be largely independent of circulating endogenous postmenopausal steroid hormone levels and is highly genetically determined (1, 2, 30, 31) . In contrast, as demonstrated in this and previous studies, percent mammographic density is influenced by weight and BMI, with greater weight being associated with lower percent breast density, which needs to be taken into account in interpreting the potential influence of mammographic density on breast cancer risk (32, 33) . This has led some researchers to recommend that total dense breast area may be a more meaningful risk factor (34) .
Strengths of this study are that it was a large randomized controlled trial and included naturally and SM women. One limitation is that we are reporting a secondary outcome that was not the basis of the primary power calculation. However, this study would have been adequately powered to detect a difference between each treatment group and placebo in the change in percentage density of 0.8%, which is considerably less than what is seen with estrogen replacement therapy (17) . The other possible limitation is that the study participants, who had mammography before enrollment and hence did not provide data for this analysis, may have been systematically different from the women included in the analysis, potentially limiting the generalizability of the findings.
In conclusion, our results indicate no overall association between transdermal testosterone use by postmenopausal woman not on concurrent estrogen and mammographic density over 52 wk. Percent density data are from evaluable breast density patients with wk-52 data. Hormone levels are baseline values, wk-52 values, and change from baseline depending on the row. n, Number of patients with percent dense and corresponding hormone level data. The n goes down slightly after correlations are adjusted for BMI. Analysis requires no missing BMI values. DHT, Dihydrotestosterone; E 1 , estrone; E 2 , estradiol. a Spearman correlation is statistically significant (P Ͻ 0.05).
